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Clinical PerspectiveWhat Is New?Obstructive sleep apnea (OSA) was highly prevalent in this large series of patients with hypertrophic cardiomyopathy (HCM).The prevalence of atrial fibrillation increased in patients with HCM who have OSA or across apnea‐hypopnea index quartiles.Higher apnea‐hypopnea index levels as well as moderate to severe OSA were independent factors for atrial fibrillation prevalence in multivariate analysis.What Are the Clinical Implications?Apnea‐hypopnea index might be a potential sleep parameter for risk stratification of atrial fibrillation development in patients with HCM.More attention should be paid and treatment decisions should be made in patients with HCM who have more severe OSA.The findings of the study motivate clinical trials aimed at investigating whether treatment of OSA has the potential to prevent future atrial fibrillation development and reduce the incidence of cardiovascular death especially in patients with HCM who have higher apnea‐hypopnea index levels.

 {#jah34944-sec-0008}

Nonstandard Abbreviations and Acronyms **AF** atrial fibrillation**AHI** apnea‐hypopnea index**BMI** body mass index**HCM** hypertrophic cardiomyopathy**LAD** left atrial diameter**LV** left ventricular**LVOTG** left ventricular outflow tract gradient **OSA** obstructive sleep apnea

Introduction {#jah34944-sec-0009}
============

Atrial fibrillation (AF) is the most common sustained arrhythmia in individuals with hypertrophic cardiomyopathy (HCM). Patients with HCM who have AF have increased rates of morbidity and mortality attributable to heart failure and stroke.[1](#jah34944-bib-0001){ref-type="ref"} Identifying comorbidities that exacerbate the occurrence of AF in patients with HCM is of great importance.[2](#jah34944-bib-0002){ref-type="ref"} Obstructive sleep apnea (OSA) is characterized by recurrent episodes of either partial or complete upper airway obstruction during sleep, leading to episodes of interruption of respiration and intermittent hypoxia.[3](#jah34944-bib-0003){ref-type="ref"} A number of studies have implicated OSA as an independent risk factor for AF in the general population.[4](#jah34944-bib-0004){ref-type="ref"}, [5](#jah34944-bib-0005){ref-type="ref"}, [6](#jah34944-bib-0006){ref-type="ref"} Moreover, OSA is extremely common among patients with HCM, with a prevalence ranging from 32% to 71%, and is independently associated with AF in patients with HCM.[7](#jah34944-bib-0007){ref-type="ref"}, [8](#jah34944-bib-0008){ref-type="ref"}, [9](#jah34944-bib-0009){ref-type="ref"}, [10](#jah34944-bib-0010){ref-type="ref"} However, these studies were conducted in a relatively small sample size of \<100 patients and there are a lack of data from a large HCM population. In addition, the association between severity of OSA and AF in patients with HCM is still unclear.

In the present study, we aimed to determine the impacts of the presence of OSA as well as apnea‐hypopnea index (AHI), a measure of OSA severity, on the prevalence of AF in a large series of patients with HCM. A total of 555 patients with HCM who underwent an overnight diagnostic sleep study from 2010 to 2018 at Fuwai Hospital were retrospectively studied. Patients were grouped according to the diagnosis of OSA or AHI quartiles. This is to date the largest study evaluating the effects of sleep disorders on AF in patients with HCM.

Methods {#jah34944-sec-0010}
=======

Study Population {#jah34944-sec-0011}
----------------

This retrospective study included patients who were diagnosed with HCM and underwent a first overnight diagnostic sleep examination in the inpatient department at Fuwai Hospital between February 2010 and December 2018. The data that support the findings of this study are available from the corresponding author upon reasonable request. All patients were clinically stable who did not undergo changes in New York Heart Association functional class over the past 30 days. All patients did not previously undergo continuous positive airway pressure treatment. The diagnosis of HCM was made based on typical clinical, ECG, and echocardiographic features. Diagnostic criteria of HCM were consistent with the 2011 American Heart Association/American College of Cardiology and 2014 European Society of Cardiology guidelines, which mainly include unexplained septal hypertrophy with a thickness of at least 15 mm. Cardiac magnetic resonance imaging was conducted in more than 80% of patients in our study to help diagnosis. Patients were excluded if they had \>50% of central respiratory events, incomplete sleep recording data, were younger than 18 years, had previous septal reduction therapy (septal myectomy or alcohol septal ablation), or history of heart transplantation surgery.

Patient demographics and clinical data such as age, sex, height, weight, medication use, history of coronary artery disease, diabetes mellitus, hyperlipidemia, hypertension, smoking, and previous surgical septal myectomy or alcohol septal ablation were retrospectively reviewed. All patients provided informed consent before enrollment. The study was approved by the ethics committee of Fuwai Hospital. All studies were conducted in accordance with the ethical principles stated in the Declaration of Helsinki.

Definition of AF {#jah34944-sec-0012}
----------------

The diagnosis of AF was made in accordance with the definitions of the 2016 European Society of Cardiology guidelines.[11](#jah34944-bib-0011){ref-type="ref"} Data including medical history, ECG, Holter ECG, or history of AF were collected to help diagnosis. An episode lasting at least 30 seconds was necessary for the diagnosis of AF. Diagnosis of AF was made before the time of sleep monitoring. Paroxysmal AF was defined as AF that terminated spontaneously or with intervention within 7 days of onset. Persistent AF was defined when AF episodes lasted longer than 7 days, including episodes that were terminated by cardioversion, either with drugs or by direct current cardioversion, after ≥7 days. Long‐standing persistent AF that lasted at least 1 year when decided to adopt a rhythm control strategy was classified as persistent AF in our study. Permanent AF was defined when AF was accepted by the patients and physicians and further attempts were stopped to restore or maintain sinus rhythm.

Sleep Study {#jah34944-sec-0013}
-----------

An overnight polysomnography was performed in all included patients in Fuwai Hospital by using the portable monitoring system Embletta (Medcare Flaga). This device records nasal airflow by an airflow pressure transducer, finger pulse oximetry, thoracic and abdominal movement, body position, snoring, heart rate, and ECG, and has been validated against full polysomnography.[12](#jah34944-bib-0012){ref-type="ref"} A continuous recording of respiration and oxyhemoglobin enabled the evaluation of sleep fragmentation and desaturation. The sleep was monitored automatically, starting from 30 minutes after the patients went to bed. Polysomnography data were scored manually by trained personnel. Hypopnea was defined as a 50% or discernible decrement in airflow lasting 10 seconds with oxygen desaturation of 4%. Apnea was defined when cessation of airflow or airflow reduction to ≤10% of the baseline value lasted for ≥10 seconds (whether central, obstructive, or mixed). Obstructive apneas were classified on the basis of the presence of thoracic efforts. The total recording time was used in the denominator to calculate the AHI. AHI was defined as the total number of apneas and hypopneas occurring per hour of sleep. The oxygen desaturation index was defined as the number of oxygen level drops 3% from baseline per hour. In addition, mean and minimal oxygen saturation, average pulse frequency, and snoring proportion were also recorded. Diagnosis of OSA was made solely when the AHI in the recorded study was ≥5 events per hour, irrespective of daytime OSA symptoms, which allowed objective evaluation of the disease severity.[13](#jah34944-bib-0013){ref-type="ref"} The severity of OSA was stratified according to AHI quartiles. We also grouped patients into mild OSA (AHI: 5.0--14.9 events per hour) and moderate to severe OSA (AHI ≥15.0 events per hour) based on widely accepted OSA severity thresholds in regression analysis.

Echocardiographic Study {#jah34944-sec-0014}
-----------------------

Transthoracic echocardiography was performed using a GE Vivid 7 or E‐9 ultrasound machine (GE Healthcare) with a multifrequency phased‐array transducer. Echocardiographic examinations were performed by experienced physicians. Diameters of the cardiac chambers were expressed as the maximum value of the anteroposterior diameter in cardiac cycles. The ascending aorta diameter was 4 cm above the aortic valve during diastole. The thickness of the interventricular septum and ventricular wall was determined during diastole. Aside from the maximum thickness, the representative thickness of the interventricular septum, which was usually the thickness of the point 25 mm under the right coronary sinus nadir, was recorded to indicate overall thickness. Left ventricular (LV) outflow tract gradient (LVOTG) was measured in the apical views by continuous‐wave Doppler echocardiography under resting conditions and during provocative maneuvers, including Valsalva, treadmill exercise, and/or amyl nitrite inhalation, to elicit latent obstruction, as previously reported.[14](#jah34944-bib-0014){ref-type="ref"} The measurements of LV volume, LV ejection fraction and left atrial diameter (LAD) were determined following the American Society of Echocardiography recommendations.[15](#jah34944-bib-0015){ref-type="ref"}

Statistical Analysis {#jah34944-sec-0015}
--------------------

The results were expressed as mean±SD, median (interquartile range), or number (percentage). Continuous variables were tested for normal distribution with the Kolmogorov--Smirnov test. Comparison of categorical variables was performed using χ^2^ or Fisher exact test, as appropriate. Differences between the 2 groups in continuous variables were compared using Student unpaired *t* test or Mann--Whitney *U* test. Differences among the 4 groups were compared using 1‐way analysis of variance or the Kruskal--Wallis H test, as appropriate. Comparisons among different groups were performed using χ^2^ Mantel--Haenszel test for trend in the distribution of AF. Univariate and multivariate logistic regression analyses were used to determine the association between the presence of OSA or severity of AHI and AF. Variables were included into multivariate analysis because of their known clinical importance or because they were previously accepted as clinical risk factors for AF.[1](#jah34944-bib-0001){ref-type="ref"}, [16](#jah34944-bib-0016){ref-type="ref"}, [17](#jah34944-bib-0017){ref-type="ref"} Models were presented as minimally adjusted (model 1 adjusted for age, sex, and body mass index \[BMI\]) and multivariate adjusted (model 2 adjusted for age, sex, BMI, New York Heart Association class, LAD, hypertension, oxygen desaturation index, and obstructive HCM). All reported probability values were 2‐tailed, and a *P* value \<0.05 was considered statistically significant. SPSS version 24.0 (IBM Corp.) and GraphPad Prism version 7.0 (GraphPad Software Inc.) were used for calculations and illustrations, respectively.

Results {#jah34944-sec-0016}
=======

Population Characteristics {#jah34944-sec-0017}
--------------------------

A total of 555 patients with HCM were included in the analysis (Figure [1](#jah34944-fig-0001){ref-type="fig"}), with 327 (58.9%) diagnosed with OSA. The median AHI value of the whole study population was markedly elevated (7.5 events per hour; interquartile range, 2.0--18.8 events per hour). Table [1](#jah34944-tbl-0001){ref-type="table"} shows the baseline characteristics of the study population in the presence of OSA or across quartiles of AHI value. Patients with OSA or higher AHI quartiles were older, more likely to be male, had a higher BMI, were smokers, and had more comorbidities. The levels of blood pressure, fasting blood sugar, high‐sensitivity C‐reactive protein, and creatinine were increased with the presence of OSA or across AHI quartiles. The frequency of patients with obstructive HCM, the value of LVOTG at rest, and intraventricular septal thickness decreased in patients with OSA or higher AHI quartiles. Patients with OSA or higher AHI quartiles were associated with enlarged LAD, LV end‐diastolic diameter, and ascending aorta diameter. There were also significant differences in medications at discharge among the study patients. Compared with patients without OSA, the prevalence of AF was higher in patients with OSA (23.9% versus 13.6%, *P*=0.003) (Table [1](#jah34944-tbl-0001){ref-type="table"} and Figure [2](#jah34944-fig-0002){ref-type="fig"}A). Most importantly, there was a dose‐response relationship between AHI quartiles and prevalence of AF (9.4% in quartile 1, 17.3% in quartile 2, 26.6% in quartile 3, and 25.2% in quartile 4; *P* for trend \<0.001) (Figure [2](#jah34944-fig-0002){ref-type="fig"}B). Prevalence of persistent or permanent AF was also higher in patients with OSA or across AHI quartiles (Table [1](#jah34944-tbl-0001){ref-type="table"}). With multivariate analysis (Table [S1](#jah34944-sup-0001){ref-type="supplementary-material"}), age (odds ratio \[OR\], 1.05; 95% CI, 1.03--1.07), BMI (OR, 1.25; 95% CI, 1.17--1.33), hypertension (OR, 2.01; 95% CI, 1.27--3.19), and hyperlipidemia (OR, 2.36; 95% CI, 1.43--3.90) were independently associated with OSA. Patients with HCM who had AF are characterized in Table [S2](#jah34944-sup-0001){ref-type="supplementary-material"}. Patients with AF were older, had a higher prevalence of stroke, had a higher level of N‐terminal pro--brain natriuretic peptide, and had a lower prevalence of obstructive HCM compared with patients without AF. LAD was markedly elevated and use of anticoagulation therapy as well as class III antiarrhythmic drugs was more common in patients with AF.

![**Study flow diagram.**\
HCM indicates hypertrophic cardiomyopathy; PSG, polysomnography.](JAH3-9-e015013-g001){#jah34944-fig-0001}

###### 

Baseline Characteristics of Patients With HCM Grouped by the Presence of OSA or AHI Quartiles

  Variables                        No OSA (n=228)          OSA (n=327)             *P* Value   Quartile 1 (n=138) AHI \<2.0 events per h   Quartile 2 (n=139) AHI ≥2.0 to \<7.5 events per h   Quartile 3 (n=139) AHI ≥7.5 to \<18.8 events per h   Quartile 4 (n=139) AHI ≥18.8 events per h   *P* Value
  -------------------------------- ----------------------- ----------------------- ----------- ------------------------------------------- --------------------------------------------------- ---------------------------------------------------- ------------------------------------------- -----------
  Men                              146 (64.0)              249 (76.1)              0.002       81 (58.7)                                   90 (64.7)                                           104 (74.8)                                           120 (86.3)                                  \<0.001
  Age, y                           45.4±13.7               53.7±11.2               \<0.001     42.2±13.7                                   51.5±12.1                                           53.2±11.5                                            54.0±10.7                                   \<0.001
  BMI, kg/m^2^                     24.6±3.2                27.2±3.7                \<0.001     23.9±3.4                                    25.7±2.9                                            26.6±3.3                                             28.0±4.0                                    \<0.001
  Cigarette use                    84 (36.8)               170 (52.0)              \<0.001     48 (34.8)                                   55 (39.6)                                           61 (43.9)                                            90 (64.7)                                   \<0.001
  Hypertension                     64 (28.1)               197 (60.2)              \<0.001     33 (23.9)                                   54 (38.8)                                           78 (56.1)                                            96 (69.1)                                   \<0.001
  Hyperlipidemia                   42 (18.4)               153 (46.8)              \<0.001     18 (13.0)                                   42 (30.2)                                           64 (46.0)                                            71 (51.1)                                   \<0.001
  Diabetes mellitus                17 (7.5)                48 (14.7)               0.009       9 (6.5)                                     12 (8.6)                                            20 (14.4)                                            24 (17.3)                                   0.019
  Coronary heart disease           19 (8.3)                59 (18.0)               0.001       8 (5.8)                                     17 (12.2)                                           16 (11.5)                                            37 (26.6)                                   \<0.001
  Peripheral vascular disease      8 (3.5)                 20 (6.1)                0.167       6 (4.3)                                     5 (3.6)                                             6 (4.3)                                              11 (7.9)                                    0.349
  Stroke                           7 (3.1)                 30 (9.2)                0.005       4 (2.9)                                     8 (5.8)                                             10 (7.2)                                             15 (10.8)                                   0.066
  NYHA class II or III             145 (63.6)              228 (69.7)              0.130       87 (63.0)                                   94 (67.9)                                           88 (63.3)                                            104 (74.8)                                  0.127
  Familial history of HCM          32 (14.0)               29 (8.9)                0.056       23 (16.7)                                   14 (10.1)                                           12 (8.6)                                             12 (8.6)                                    0.100
  Familial history of SCD          8 (3.5)                 13 (4.0)                0.777       4 (2.9)                                     4 (2.9)                                             9 (6.5)                                              4 (2.9)                                     0.297
  Syncope                          25 (11.0)               39 (11.9)               0.727       17 (12.3)                                   14 (10.1)                                           18 (12.9)                                            15 (10.8)                                   0.868
  AF                               31 (13.6)               78 (23.9)               0.003       13 (9.4)                                    24 (17.3)                                           37 (26.6)                                            35 (25.2)                                   0.001
  Paroxysmal AF                    23 (10.1)               47 (14.4)               0.135       11 (8.0)                                    16 (11.5)                                           23 (16.5)                                            20 (14.4)                                   0.158
  Persistent or permanent AF       8 (3.5)                 31 (9.5)                0.007       2 (1.4)                                     8 (5.8)                                             14 (10.1)                                            15 (10.8)                                   0.008
  Ventricular tachycardia          27 (11.8)               52 (15.9)               0.178       17 (12.3)                                   14 (10.1)                                           28 (20.1)                                            20 (14.4)                                   0.095
  Systolic pressure, mm Hg         124.5±16.6              133.8±20.6              \<0.001     125.6±16.8                                  125.6±17.5                                          134.3±21.3                                           134.4±20.2                                  \<0.001
  Diastolic pressure, mm Hg        74.0±11.4               80.3±13.1               \<0.001     75.0±11.7                                   74.5±12.1                                           79.9±12.4                                            81.4±13.5                                   \<0.001
  Fasting blood sugar, mmol/L      4.8±1.2                 5.3±1.5                 \<0.001     4.7±1.1                                     5.1±1.3                                             5.2±1.3                                              5.6±1.8                                     \<0.001
  hs‐CRP, mg/L                     0.8 (0.4--1.7)          1.5 (0.7--2.9)          \<0.001     0.7 (0.3--1.5)                              1.0 (0.4--2.5)                                      1.1 (0.6--2.1)                                       1.6 (0.9--3.5)                              \<0.001
  LDL‐C, mmol/L                    2.7±0.8                 2.7±0.8                 0.788       2.7±0.8                                     2.8±0.8                                             2.8±0.8                                              2.6±0.8                                     0.078
  Creatinine, mmol/L               82.4±15.8               87.3±19.2               0.002       82.4±15.1                                   83.1±17.0                                           86.7±18.2                                            89.9±20.7                                   0.014
  NT‐proBNP, pg/mL                 975.5 (477.4--2103.0)   627.1 (223.4--1565.5)   \<0.001     1096 (572.5--2195.0)                        821.9 (285.0--1750.0)                               616.0 (248.8--1471.0)                                587.0 (159.0--1478.3)                       \<0.001
  Echocardiographic data                                                                                                                                                                                                                                                                        
  Obstructive HCM                  143 (62.7)              156 (47.7)              \<0.001     90 (65.2)                                   85 (61.2)                                           69 (49.6)                                            55 (39.6)                                   \<0.001
  LVOTG at rest, mm Hg             41.0 (0.0--73.5)        18.0 (0.0--61.0)        \<0.001     48.0 (0.0--72.5)                            41.0 (0.0--76.0)                                    16.0 (0.0--82.0)                                     0.0 (0.0--50.0)                             \<0.001
  LAD, mm                          41.9±6.5                43.1±7.2                0.103       41.1±6.1                                    42.9±6.6                                            43.6±7.8                                             42.9±7.0                                    0.049
  LVEDD, mm                        43.8±6.3                46.6±6.0                \<0.001     42.8±6.4                                    44.7±5.8                                            46.3±5.8                                             47.8±6.1                                    \<0.001
  IVST, mm                         18.7±5.5                17.3±4.9                0.002       18.9±4.5                                    18.4±6.1                                            17.4±5.3                                             16.8±4.7                                    0.001
  LVEF, %                          66.5±8.8                65.4±9.0                0.051       67.0±8.8                                    66.1±7.9                                            66.1±8.4                                             64.3±10.3                                   0.086
  AAD, mm                          30.4±5.0                33.0±4.3                \<0.001     29.4±5.0                                    32.0±4.2                                            32.7±4.8                                             33.4±4.2                                    \<0.001
  Moderate or severe MR            88 (38.6)               89 (27.2)               0.005       54 (39.1)                                   56 (40.3)                                           34 (24.5)                                            33 (23.7)                                   0.001
  Medical therapy                                                                                                                                                                                                                                                                               
  β‐Blockers                       204 (89.5)              275 (84.1)              0.070       128 (92.8)                                  123 (88.5)                                          118 (84.9)                                           110 (79.1)                                  0.009
  CCBs                             38 (16.7)               112 (34.3)              \<0.001     16 (11.6)                                   31 (22.3)                                           40 (28.8)                                            63 (45.3)                                   \<0.001
  ACEIs/ARBs                       47 (20.6)               120 (36.7)              \<0.001     21 (15.2)                                   36 (25.9)                                           54 (38.8)                                            56 (40.3)                                   \<0.001
  Spirolactone                     27 (11.8)               36 (11.0)               0.761       13 (9.4)                                    15 (10.8)                                           17 (12.2)                                            18 (12.9)                                   0.798
  Class III antiarrhythmic drugs   30 (13.2)               42 (12.8)               0.914       15 (10.9)                                   21 (15.1)                                           22 (15.8)                                            14 (10.1)                                   0.370
  Anticoagulation therapy          30 (13.2)               53 (16.2)               0.322       12 (8.7)                                    23 (16.5)                                           22 (15.8)                                            26 (18.7)                                   0.105

Values are presented as mean±SD, median (interquartile range), or number (percentage). AAD indicates ascending aorta diameter; ACEIs, angiotensin‐converting enzyme inhibitors; AF, atrial fibrillation; AHI, apnea‐hypopnea index; ARBs, angiotensin II receptor blockers; BMI, body mass index; CCBs, calcium channel blockers; HCM, hypertrophic cardiomyopathy; hs‐CRP, high‐sensitivity C‐reactive protein; IVST, interventricular septum thickness; LAD, left atrial diameter; LDL‐C, low‐density lipoprotein cholesterol; LVEDD, left ventricular end‐diastolic dimension; LVEF, left ventricular ejection fraction; LVOTG, left ventricular outflow tract gradient; MR, mitral regurgitation; NT‐proBNP, N‐terminal pro--brain natriuretic peptide; NYHA, New York Heart Association; OSA, obstructive sleep apnea; and SCD, sudden cardiac death.

![**Prevalence of atrial fibrillation (AF) in patients with hypertrophic cardiomyopathy (HCM) grouped by presence of obstructive sleep apnea (OSA) (A) or apnea‐hypopnea index (AHI) severity stratified by AHI quartiles (B)**.](JAH3-9-e015013-g002){#jah34944-fig-0002}

Sleep Parameters {#jah34944-sec-0018}
----------------

Sleep study parameters are summarized in Table [2](#jah34944-tbl-0002){ref-type="table"}. The value of AHI, oxygen desaturation index, snoring time ratio, longest apnea/hypopnea time, time spent with oxygen saturation \<90%, mean oxygen decline degree, and heart rate during sleep were all significantly higher in patients with OSA than those without OSA. These parameters were also significantly increased across AHI quartiles. Lowest oxygen saturation and mean oxygen saturation reflecting nocturnal oxygen level were decreased in patients with OSA or higher AHI quartiles.

###### 

Polysomnographic Parameters of Patients With HCM Grouped by the Presence of OSA or AHI Quartiles

  Variables                         No OSA (n=228)         OSA (n=327)            *P* Value   Quartile 1 (n=138) AHI \<2.0 events per h   Quartile 2 (n=139) AHI ≥2.0 to \<7.5 events per h   Quartile 3 (n=139) AHI ≥7.5 to \<18.8 events per h   Quartile 4 (n=139) AHI ≥18.8 events per h   *P* Value
  --------------------------------- ---------------------- ---------------------- ----------- ------------------------------------------- --------------------------------------------------- ---------------------------------------------------- ------------------------------------------- -----------
  AHI, events per h                 1.5 (0.6--2.9)         16.6 (9.0--31.1)       \<0.001     0.8 (0.3--1.4)                              4.3 (2.9--5.4)                                      12.4 (9.2--15.5)                                     33.7 (25.2--44.3)                           \<0.001
  OAI, events per h                 0.4 (0.1--1.0)         5.0 (1.9--13.2)        \<0.001     0.2 (0.0--0.5)                              1.0 (0.4--1.9)                                      3.2 (1.1--6.0)                                       16.2 (7.5--25.4)                            \<0.001
  CAI, events per h                 0.0 (0.0--0.0)         0.0 (0.0--1.2)         \<0.001     0.0 (0.0--0.0)                              0.0 (0.0--0.1)                                      0.0 (0.0--0.8)                                       0.4 (0.0--3.4)                              \<0.001
  Hypopnea index, events per h      0.7 (0.2--1.8)         8.0 (4.7--13.4)        \<0.001     0.3 (0.1--0.7)                              2.5 (1.5--3.9)                                      7.7 (5.1--10.2)                                      12.3 (7.2--19.5)                            \<0.001
  ODI, events per h                 2.3 (1.0--4.3)         16.4 (9.1--30.4)       \<0.001     0.5 (1.5--2.3)                              4.9 (3.2--6.7)                                      11.8 (9.1--15.9)                                     33.0 (23.1--42.5)                           \<0.001
  Snoring time ratio, %             3.0 (0.4--5.9)         8.2 (2.3--15.4)        \<0.001     2.0 (0.3--5.6)                              4.1 (0.4--9.7)                                      7.3 (2.3--14.1)                                      12.4 (3.8--22.0)                            \<0.001
  Longest apnea/hypopnea time, s    36.7 (24.5--53.7)      70.0 (53.5--91.7)      \<0.001     27.2 (19.3--40.1)                           50 (40.0--73.5)                                     65.3 (51.0--82.3)                                    78.2 (58.0--95.0)                           \<0.001
  Lowest SaO~2~, %                  89.0 (86.0--90.0)      82.0 (76.0--86.0)      \<0.001     89.0 (87.0--91.0)                           87.0 (84.0--89.0)                                   84 (80.0--86.0)                                      78.0 (72.0--82.0)                           \<0.001
  Mean SaO~2~, %                    94.5 (94.0--95.5)      93.2 (92.2--94.4)      \<0.001     95.0 (94.1--95.7)                           94.0 (93.1--95.0)                                   93.6 (92.8--94.6)                                    93.0 (91.6--94.0)                           \<0.001
  Time spent with SaO~2~ \<90%, %   0.1 (0.0--1.5)         5.3 (1.1--13.5)        \<0.001     0.0 (0.0--1.0)                              0.5 (0.0--2.0)                                      3.0 (0.9--8.3)                                       12.1 (4.4--21.7)                            \<0.001
  Mean oxygen decline degree, %     4.2 (3.8--4.7)         5.5 (4.8--6.6)         \<0.001     4.2 (3.8--4.7)                              4.4 (4.0--4.9)                                      5.0 (4.8--5.7)                                       6.5 (5.6--7.5)                              \<0.001
  HR during sleep                   60.1±7.2               61.3±7.5               0.001       58.9±6.5                                    61.2±7.3                                            60.7±7.0                                             62.3±8.5                                    \<0.001
  Supine time, min                  208.0 (168.8--269.3)   208.0 (136.0--239.0)   0.005       234.5 (181.0--312.3)                        208.0 (153.0--239.0)                                208.0 (137.0--254.0)                                 206.0 (120.0--213.0)                        \<0.001
  Total recording time, min         494.0 (420.0--540.0)   451.0 (409.0--501.0)   \<0.001     500.0 (439.3--551.5)                        473.0 (420.0--525.0)                                455.0 (414.0--512.0)                                 434.0 (404.9--479.0)                        \<0.001

Values are presented as mean±SD, median (interquartile range), or number (percentage). AHI indicates apnea‐hypopnea index; CAI, central apnea index; HCM, hypertrophic cardiomyopathy; HR: heart rate; OAI, obstructive apnea index; ODI, oxygen desaturation index; OSA, obstructive sleep apnea; and SaO~2~, oxygen saturation.

Association Between AHI and AF {#jah34944-sec-0019}
------------------------------

The AHI value was significantly higher in patients with AF compared with those with sinus rhythm (median, 13.0 \[interquartile range, 3.8--23.2 events per hour\] versus median, 6.4 \[interquartile range, 1.7--18.0 events per hour\]; *P*=0.002) (Figure [3](#jah34944-fig-0003){ref-type="fig"}). In addition, the AHI value was highest in patients with persistent or permanent AF compared with patients with paroxysmal AF or patients without AF (*P*=0.005) (Figure [S1](#jah34944-sup-0001){ref-type="supplementary-material"}). In univariate analyses, significant associations were observed between prevalence of AF and the diagnosis of OSA or OSA severity measures (Table [3](#jah34944-tbl-0003){ref-type="table"}). Patients with OSA were associated with an OR of 1.99 (95% CI, 1.26--3.14) compared with patients with no OSA. Highest AHI quartile was associated with an OR of 3.24 (95% CI, 1.63--6.44) compared with the lowest AHI quartiles, whereas moderate to severe OSA was associated with an OR of 2.42 (95% CI, 1.46--4.00) compared with no OSA. After controlling for age, sex, and BMI (model 1), the association between diagnosis of OSA and AF was no longer statistically significant. In contrast, the adjusted relationship between AF and higher AHI quartiles (OR, 2.54; 95% CI, 1.16--5.57) or moderate to severe OSA (OR, 1.99; 95% CI, 1.13--3.51) remained significant. After additionally controlling for New York Heart Association class, LAD, hypertension, oxygen desaturation index, and obstructive HCM (model 2), the association was still significant (highest AHI quartile: OR, 4.43 \[95% CI, 1.35--14.52\] or moderate to severe OSA: OR, 3.03 \[95% CI, 1.28--7.20\]). The fully adjusted analysis also showed evidence of increasing risk of persistent or permanent AF with increasing AHI quartiles (highest AHI quartile: OR, 10.96; 95% CI, 1.07--111.85).

![**The value of apnea‐hypopnea index (AHI) number in patients with hypertrophic cardiomyopathy (HCM) according to the presence of atrial fibrillation (AF).**](JAH3-9-e015013-g003){#jah34944-fig-0003}

###### 

Association Between AF and Presence of OSA or AHI Quartiles or Standard OSA Severity Classification in Patients With HCM

  Item                                   Univariate           *P* Value   Model 1              *P* Value   Model 2                *P* Value
  -------------------------------------- -------------------- ----------- -------------------- ----------- ---------------------- -----------
  AF                                                                                                                              
  Presence of OSA                                                                                                                 
  No OSA                                 Reference                        Reference                        Reference              
  OSA                                    1.99 (1.26--3.14)    0.003       1.52 (0.92--2.52)    0.106       1.58 (0.84--2.97)      0.153
  AHI quartiles                                               0.001                            0.038                              0.045
  Quartile 1                             Reference                        Reference                        Reference              
  Quartile 2                             2.01 (0.98--4.13)    0.058       1.50 (0.71--3.21)    0.292       1.58 (0.70--3.55)      0.271
  Quartile 3                             3.49 (1.76--6.91)    \<0.001     2.62 (1.24--5.52)    0.011       3.01 (1.28--7.06)      0.011
  Quartile 4                             3.24 (1.63--6.44)    0.001       2.54 (1.16--5.57)    0.020       4.43 (1.35--14.52)     0.014
  Standard OSA severity classification                        0.003                            0.044                              0.041
  No OSA                                 Reference                        Reference                        Reference              
  Mild OSA                               1.65 (0.94--2.89)    0.081       1.25 (0.69--2.26)    0.470       1.44 (0.74--2.82)      0.282
  Moderate to severe OSA                 2.42 (1.46--4.00)    0.001       1.99 (1.13--3.51)    0.017       3.03 (1.28--7.20)      0.012
  Persistent/permanent AF                                                                                                         
  Presence of OSA                                                                                                                 
  No OSA                                 Reference                        Reference                        Reference              
  OSA                                    2.88 (1.30--6.39)    0.009       2.30 (0.98--5.44)    0.057       1.92 (0.57--6.46)      0.289
  AHI quartiles                                               0.025                            0.056                              0.190
  Quartile 1                             Reference                        Reference                        Reference              
  Quartile 2                             4.15 (0.87--19.92)   0.075       3.40 (0.68--16.97)   0.136       4.23 (0.70--25.62)     0.117
  Quartile 3                             7.62 (1.70--34.18)   0.008       6.40 (1.32--30.90)   0.021       7.59 (1.16--49.83)     0.035
  Quartile 4                             8.23 (1.84--36.69)   0.006       7.51 (1.50--37.56)   0.014       10.96 (1.07--111.85)   0.043
  Standard OSA severity classification                        0.013                            0.047                              0.304
  No OSA                                 Reference                        Reference                        Reference              
  Mild OSA                               2.03 (0.78--5.28)    0.145       1.60 (0.59--4.33)    0.356       1.75 (0.48--6.36)      0.394
  Moderate to severe OSA                 3.49 (1.51--8.08)    0.004       3.02 (1.20--7.60)    0.019       3.34 (0.72--15.46)     0.123

Data are presented as odds ratios (95% CIs). Model 1: adjusted for age, sex, and body mass index (BMI). Model 2: adjusted for age, sex, and BMI and further adjusted for New York Heart Association class, left atrial diameter, hypertension, oxygen desaturation index, and obstructive hypertrophic cardiomyopathy (HCM). AF indicates atrial fibrillation; AHI, apnea‐hypopnea index; and OSA, obstructive sleep apnea.

Discussion {#jah34944-sec-0020}
==========

The present study evaluated the influence of OSA and severity of AHI value on prevalence of AF in a large series of patients with HCM. Our study showed that 58.9% of patients with HCM had OSA and the prevalence of AF in this population was 19.6%. AF was more common in patients with OSA and there was a dose‐response relationship between AHI quartiles and rate of AF. In multivariate analysis, higher AHI quartiles or OSA severity stratified by widely used clinical cut points rather than the presence of OSA were independent factors for AF. In addition, higher AHI quartiles were also independently associated with persistent or permanent AF.

The relationship between sleep‐disordered breathing and HCM was reported more than 10 years ago.[10](#jah34944-bib-0010){ref-type="ref"}, [18](#jah34944-bib-0018){ref-type="ref"} In 2010, Pedrosa and his colleagues[9](#jah34944-bib-0009){ref-type="ref"} first illustrated a high prevalence of OSA in patients with HCM. To produce good generalizability, we performed the study in a large HCM population and the number of patients in our study was almost 7‐fold larger than that in Pedrosa et al\'s. The prevalence of OSA in our study was 58.9%, which was in accordance with previously reported results indicating that OSA was a much more common clinical condition in patients with HCM.[7](#jah34944-bib-0007){ref-type="ref"}, [10](#jah34944-bib-0010){ref-type="ref"}, [19](#jah34944-bib-0019){ref-type="ref"}

Previous studies have implicated the association between OSA and AF in community‐based populations.[20](#jah34944-bib-0020){ref-type="ref"}, [21](#jah34944-bib-0021){ref-type="ref"} Unlike in the general population, patients with HCM were more susceptible to AF, and the presence of AF is associated with increased morbidity and mortality.[22](#jah34944-bib-0022){ref-type="ref"} According to our study, 19.6% of patients with HCM had AF, which was consistent with the high rate of AF in patients with HCM as previously reported.[1](#jah34944-bib-0001){ref-type="ref"}, [23](#jah34944-bib-0023){ref-type="ref"} Atrial arrhythmogenesis in HCM is commonly thought to be a process secondary to elevated filling pressures from LV diastolic failure as well as the presence of an LVOTG and associated mitral regurgitation. Moreover, accumulating evidence suggests the presence of an underlying intrinsic atrial myopathy in patients with HCM.[2](#jah34944-bib-0002){ref-type="ref"}, [24](#jah34944-bib-0024){ref-type="ref"}, [25](#jah34944-bib-0025){ref-type="ref"}, [26](#jah34944-bib-0026){ref-type="ref"} Left atrial dysfunction, enlargement, and fibrosis could occur in these patients independent of LV remodeling. In our study, prevalence of AF increased with apnea severity, suggesting that non--HCM‐related comorbidities may play a role in AF development. Additionally, our results also showed that patients with AF had higher AHI values compared with patients with sinus rhythm, indicating a close relationship between sleep disorder and AF. OSA could predispose to AF through several mechanisms: hypoxemia, nocturnal hypertension, oxidative stress, intrathoracic pressure fluctuations, sympathetic activation, and chronic inflammation.[27](#jah34944-bib-0027){ref-type="ref"}, [28](#jah34944-bib-0028){ref-type="ref"} OSA is also associated with electrophysiologic changes in atrium such as reduction in voltage, conduction slowing, and longer sinus node recovery.[27](#jah34944-bib-0027){ref-type="ref"} We propose that all of these factors together with the underlying atrial myopathy predispose patients to electrical and structural atrial remodeling over time and result in elevated risk of AF on HCM. Interestingly, prevalence of ventricular tachycardia was not significantly different between patients with or without OSA or across AHI quartiles in our study. We speculate that atrium might be more susceptible to OSA‐related arrhythmias than ventricle in HCM.

Clinical parameters such as female sex, age, LAD, New York Heart Association class, and hypertension had been demonstrated to be predictors of incident AF in a cohort of 4248 patients with HCM.[16](#jah34944-bib-0016){ref-type="ref"} In the present study, all of these parameters together with other factors were included in the multivariate adjusted regression model and the association between AHI quartiles or moderate to severe OSA and AF remained significant. Furthermore, we also found an association of increasing AHI quartiles with persistent or permanent AF. As persistent or permanent AF had a worse prognosis compared with paroxysmal AF,[29](#jah34944-bib-0029){ref-type="ref"}, [30](#jah34944-bib-0030){ref-type="ref"} our study first showed the relationship between sleep disorder and more severe AF types in patients with HCM. Previous studies have shown that patients with persistent or permanent AF were associated with severity of sleep‐disordered breathing and that treatment of OSA using continuous positive airway pressure therapy could prevent AF progression from a paroxysmal pattern to more permanent forms.[31](#jah34944-bib-0031){ref-type="ref"}, [32](#jah34944-bib-0032){ref-type="ref"} The AHI value in our study was also higher in patients with persistent or permanent AF compared with those with paroxysmal AF, which was consistent with previous studies. These results indicate that serious sleep disorders are associated with more severe AF patterns in patients with HCM.

However, no significant association was obtained when comparing patients with versus those without OSA, which was different from the study by Pedrosa and colleagues. We speculated that the discrepancy between our study and Pedrosa et al\'s arose from the differences in cutoff value of AHI for the diagnosis of OSA. In the present study, we used AHI ≥5 events per hour as the value for diagnosis of OSA, while in the study by Pedrosa and colleagues, the value was 15 events per hour, which equaled the category of moderate to severe OSA in our study. In addition, patients with diagnosed OSA using the threshold of AHI ≥5 events per hour usually had a wide range of AHI distribution. Even patients who were not at high risk for AF were included. For example, as shown in our study, there was no significant association between mild OSA and AF. Taken together, the present study was in broad agreement with Pedrosa and colleagues, providing evidence that severity rather than diagnosis of OSA was independently associated with AF in patients with HCM. In line with these previous studies, we found an enlarged LAD, LV end‐diastolic diameter, and ascending aorta diameter in patients with HCM who had OSA or higher AHI quartiles compared with patients without OSA or lower AHI quartiles. In contrast to what would be expected from previous studies,[33](#jah34944-bib-0033){ref-type="ref"}, [34](#jah34944-bib-0034){ref-type="ref"} our findings showed no increase in LVOTG at rest and interventricular septal thickness in patients with OSA. We presume that a higher level of blood pressure together with increased systemic resistance suppress LVOTG in patients with OSA or higher AHI quartiles. In addition, genetic determinants of LV hypertrophic site that characterize HCM might overcome the influence of OSA on LV remodeling.

Apart from AHI value, several other sleep parameters closely related to oxygen saturation were also shown to be associated with AF. Kendzerska et al^4^ and Cadby et al^6^ used time with oxygen saturation \<90% to measure OSA severity and found it to be an independent predictor of incident AF.[4](#jah34944-bib-0004){ref-type="ref"}, [6](#jah34944-bib-0006){ref-type="ref"} In a study by Gami et al,[5](#jah34944-bib-0005){ref-type="ref"} the decrease in nocturnal oxygen saturation was used. However, patients with OSA not only experience oxygen desaturation but also harmful hemodynamic changes during sleep. Based on the reason that AHI is used to diagnose and assess the severity of OSA, we categorized patients into AHI quartiles. We found that all parameters related to nocturnal hypoxia were more severe across AHI quartiles, indicating that our measurement was effective to stratify severity of oxygen desaturation. In addition, using AHI quartiles to describe the degree of sleep disorder overcame the limitation of using an arbitrary cutoff value. Therefore, AHI might be a potential sleep parameter for risk stratification of AF development in patients with HCM.

At present, most cases of OSA remain undiagnosed and the rate of OSA further increases with age and obesity.[3](#jah34944-bib-0003){ref-type="ref"}, [35](#jah34944-bib-0035){ref-type="ref"} As prevalence of OSA is high and associated with increased risk of AF in patients with HCM, we expect that a high degree of suspicion for OSA is warranted and clinicians should have a low threshold to refer for diagnostic sleep evaluation. Importantly, a recent study found that treatment of OSA using continuous positive airway pressure was safe in patients with HCM.[36](#jah34944-bib-0036){ref-type="ref"} Therefore, clinical trials are required to determine whether treatment of OSA has the potential to prevent future AF development and reduce the incidence of cardiovascular death especially in patients with HCM who have higher AHI levels.

Limitations {#jah34944-sec-0021}
-----------

The present study has several limitations. First, all of the patients in our study received only 1 night of sleep study. In fact, parameters of OSA showed a considerable night‐to‐night variability, and single‐night diagnostic sleep study is prone to miscategorize the severity of OSA.[37](#jah34944-bib-0037){ref-type="ref"} Night‐to‐night variability may also lead to misdiagnosis, especially in patients with mild OSA, as there are often false‐negative sleep studies in such patients.[38](#jah34944-bib-0038){ref-type="ref"} In that case, repeated measurements will help to improve patient categorization and make treatment decisions. Second, the generalizability of our findings was limited by its single‐center design, and the study population may not reflect that of the general HCM population because of selection bias, as they presented to a tertiary medical center for their care and many were symptomatic. Third, the diagnosis of AF was made before the time of sleep evaluation, limiting the ability to draw a conclusion of causation between the degree of sleep disorder and AF. Future work is needed to investigate the causative effects of OSA on new‐onset AF. Fourth, our study grouped patients into AHI quartiles and did not produce a certain cutoff value, which might hamper its comparability and clinical applicability. Finally, because of the cross‐sectional and retrospective nature of the present study, there were limitations related to availability of data on important confounders such as daily alcohol consumption and diagnosis of primary pulmonary disease. It was not possible to ensure that all confounding variables were fully adjusted in multivariate analysis.

Conclusions {#jah34944-sec-0022}
===========

OSA is highly prevalent in patients with HCM, and higher AHI levels rather than the diagnosis of OSA are independently associated with AF, a risk factor for cardiovascular death in this population. These results suggest that more attention should be paid and treatment decisions should be made in patients with HCM who have more severe OSA. Further studies are needed to investigate the impact of OSA on future cardiovascular complications as well as the safety and efficacy of OSA treatment in these patients.

Sources of Funding {#jah34944-sec-0023}
==================

This study was supported by a grant from the National Natural Science Foundation of China (81370327).

Disclosures {#jah34944-sec-0024}
===========

None.

Supporting information
======================

###### 

**Tables S1 and S2 Figure S1**

###### 

Click here for additional data file.

[^1]: Dr. Xu and Dr. Wang contributed equally to this work.
